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Assistant Coitotiissioner for Patents 
Washington ,D.C. 20231 

Re: Application of Kazumichi Shinada, Hisashi Miyazawa and 
Takao Kobayashi 
INK-JET RECORDING APPARATUS 
Our Ref : Q48630 



Dear Sir: 



This is a request for a Continuation Application of pending 
prior Application No. 08/628,348 filed September 8, 1997 of Satoshi 
Shinada, Minoru Usui, Yoshio Miyazawa, Norihiko Kurashima, Takao 
Kobayashi and Munehide entitled INK- JET RECORDING APPARATUS. 

This application is being filed under 37 C.F.R. § 1.53(b). 
Enclosed is a copy of the prior application as originally filed, 
including the drawings and Declaration. 

The prior application is assigned to Group Art Unit 2108. 

Amend the specification by inserting before the first line the 
sentence: — This is a continuation of Application No. 08/628,348 
filed April 5, 1996.-- 



Priority is claimed from: 
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Assistant Commissioner 
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Hei. 7-104764 


Japan 


April 5, 1995 
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1995 
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Hei. 7-349222 


Japan 
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Hei. 8-82050 


Japan 
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Prior to calculation of fees, please enter the Preliminary 
Amendment attached hereto. 



The Government filing fee is calculated as follows: 



Total claims 11 - 20 = 0 x $22 == $ 0. 00 

Independent claims 5 - 3 = 2 x $82 = $ 164,00 

Base Fee $ 790.00 
Multiple Dependent Claim Fee 

($270.00/135.00) $ 0>00 

TOTAL FILING FEE $ 954.00 



A check for the statutory fee of $954.00 is attached. You are 
also directed and authorized to charge or credit any difference or 
overpayment to said Deposit Account No. 19-4880. The Commissioner 
is hereby authorized to charge any fees under 37 C.F.R. §§ 1.16 and 
1 . 17 and any petitions for extension of time under 37 C.F.R. 
§ 1.13 6 which may be required during the entire pendency of the 
application to said Deposit Account. A duplicate copy of this 
transmittal letter is attached. 
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The entire disclosure of the prior application is hereby 
incorporated by reference therein • The Declaration will be 
submitted at a later date. 



Respectfully submitted, 



SUGHRUE, MION, ZINN, 

MACPEAK & SEAS, PLLC 
Attorneys for Applicant 




^r ian ^ . Hannon 
Registration No, 32,778 



< PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Kazumichi Shimada et al. 

Divisional Application of ^ „ o-.«o 

S.N.: 08/528,348, Filed: April 5, 1996 Group Art Unit: 2108 

Filed: January 7, 1998 Examiner: N. Le 

For: INK-JET RECORDING APPARATUS 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above- identified 
application as follows: 

IN THE SPECIFICATION : 

Page 20, line 7, delete ",/-H", insert ~AH~. 

IN THE CLAIMS : 

Please cancel claims 1-15 without prejudice and/or disclaimer. 



Please add the following new claims: 

15. An ink cartridge which is used for an ink- jet 

recording apparatus, comprising: 

a plurality of ink storage chambers each storing light cyan 
ink, deep cyan ink, light magenta ink, deep magenta ink and yellow 
ink; and 



Divisional Application of 
U.S. Appln. No. 08/628,348 

wherein the ink storage chambers are accoitimodated integrally 
in the ink cartridge. 

17. The ink cartridge according to claim 16, wherein each ink 
storage chamber has an ink supply port, and all ink supply ports 
are aligned on one straight line. 

18. The ink cartridge according to claim 16, wherein the 
yellow ink is stored in the ink storage chamber located at the most 
end side of the ink storage chambers. 

19. The ink cartridge according to claim 16, wherein the ink 
storage chambers are partitioned by partitioning walls, and the 
partitioning walls are formed so that a thickness of the 
partitioning walls increases along the direction for ink supply 
ports of each ink storage chambers. 

20. The ink cartridge according to claim 16, wherein the 
light cyan ink, deep cyan ink, light magenta ink, deep magenta ink 
and yellow ink are stored in such a manner that similar colors are 
adjacent to each other. 
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21. The ink cartridge according to claim 16, wherein the ink 
storage chambers are arranged in an order of storing the light cyan 
ink, deep cyan ink, light magenta ink, deep magenta ink and yellow 
ink in a horizontal direction. 

22 . An ink cartridge mounted on an ink- j et recording 
apparatus and storing ink of a plurality of colors to be supplied 
to the ink- jet recording apparatus which has an ink- jet recording 
head for ejecting the ink and a plurality of ink supply needles for 
supplying the ink to the recording head, adjacent ones of said ink 
supply needles being arranged to have a height difference 
therebetween , comprising : 

ink storage chambers each storing light cyan ink, deep cyan 
ink, light magenta ink, deep magenta ink and yellow ink, the ink 
storage chambers being accommodated integrally in the ink 
cartridge; and 

ink supply ports engaging with the ink supply needles so as to 
supply the ink stored in the ink storage chambers to the ink supply 
needles. 

23. The ink cartridge according to claim 22, wherein all of 
said ink supply ports are arranged in one horizontal plain. 
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24. An ink cartridge which is used for an ink-jet recording 
apparatus, comprising: 

a plurality of ink storage chambers storing ink of at least 
five difference colors, the ink storage chambers being accommodated 
integrally in the ink cartridge. 

25. An ink cartridge which is used for an ink- jet recording 
apparatus, comprising: 

a plurality of ink storage chambers storing ink of at least 
five different colors, the ink storage chambers being accommodated 
integrally in the ink cartridge; and 

wherein each ink storage chamber has an ink supply port, and 
all ink supply ports are aligned on one straight line. 

26. An ink cartridge which is used for an ink- jet recording 
apparatus, comprising: 

a plurality of ink storage chambers storing ink of at least 
five different colors including yellow ink, the ink storage 
chambers being accommodated integrally in the ink cartridge; and 

wherein the yellow ink is stored in the ink storage chamber 
located at the most end side of the ink storage chambers. 
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27. An ink cartridge which is used for an ink-jet recording 
apparatus , comprising: 

a plurality of ink storage chambers storing ink of at least 
five different colors, the ink storage chambers being accommodated 
integrally in the ink cartridge; 

wherein similar colors of the five different colors are 
adjacent to each other. 

28. The ink cartridge which is used for an ink- jet recording 
apparatus , comprising : 

a plurality of ink storage chambers storing ink of at least 
five different colors, the ink storage chambers being accommodated 
integrally in the ink cartridge; and 

wherein the ink storage chambers are arranged in an order of 
storing light cyan ink, deep cyan ink, light magenta ink, deep 
magenta ink and yellow ink in a horizontal direction. — 

REMARKS 

Prior to examination on the merits, please enter the above 
amendments. Applicants note that this application is virtually 
identical to the parent application (S.N. 08/628,348) and has 
therefor been identified as a continuation application. A slight 
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n. 



change has been made to Fig. 15(b) in this application by lowering 
the right-most ink supply port 155 to be aligned with the other ink 
supply ports. 

Please note that a new Declaration and assignment are 
forthcoming. It should be noted that the inventorship of this 
application is different from that of the parent application. 
Specifically, there are only three inventors for this continuation 
application: Kazumichi Shimada, Hisashi Miyazawa and Takao 
Kobayashi. Please note that Kazumichi Shimada and Hisashi Miyazawa 
are new inventors and have not previously been listed on the parent 
application Declaration. 

For the Examiner's convenience, attached is form PTO-1449 
listing all of the references cited in the parent application. 

Applicant hereby petitions for any extension of time which may 
be required to maintain the pendency of this case, and any required 
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fee for such extension is to be charged to Deposit Account No. 
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& SEAS, PLLC 
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Washington, D.C. 20037-3202 
Phone: (202) 293-7060 

FAX: (202) 293-7860 

Date: January 7, 1998 
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Respectfully submitted. 
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INK-JET RECORDING APPARATUS 



BACKGROUND OF THE INVENTION 
1> Fiel d of the Invention 

The present invention relates to an ink- jet recording 
apparatus which ejects ink droplets from nozzles to write a 
recording image such as characters on a recording medium, and 
more particularly to a structure of an ink supply channel for 
introducing ink from an ink storage tank to an ink- jet 
recording head. 

2. Desc ription of the Prior Art 

An ink- jet recording apparatus which ejects ink 
droplets from nozzle openings to print characters and images on 
a recording medium is provided with a filter plate between an 
ink tank and a recording head in order to eliminate dust 
particles and bubbles in ink. 

However, as the number of nozzle openings provided in 
a recording head is increased to 64 and further to 128 for 
improving the resolution of printed images to permit a larger 
amount of ink to flow from the ink tank to the recording head, 
larger head losses are induced by the filter plate for 
preventing foreign substances from flowing into the recording 
head, whereby supply of ink to the recording head cannot catch 
up with an amount of ink consumed for recording. 

To solve the problem as mentioned above, the opening 
area of the filter plate need be increased to reduce a fluid 



resistance of -the filter plate. However, this resolution would 
give rise to another problem of causing an uneven flow of ink 
through the filter plate, stagnated bubbles, and eventually a 
degraded printing quality. 

5 

SUMMARY OF THE INVENTION 
The present invention has been made in view of the 
problems mentioned above, and its object is to provide an ink- 
jet recording apparatus which is capable of maximally reducing 
10 a channel resistance and of uniformly passing ink through a 
whole filter plate. 

Another object of the present invention is to provide 
an ink- jet recording apparatus which is capable of reducing a 
mounting force required to mount a cartridge to the ink- jet 
15 recording apparatus • 

To solve the problems mentioned above, the present 
invention provides an ink- jet recording apparatus comprises: an 
ink cartridge for storing ink; an ink- jet recording head for 
ejecting the ink; an ink supply channel connecting the ink 
20 cartridge and the ink-jet recording head, the ink supply 
channel having a portion inclined in relation to the horizontal 
direction formed in the middle of the ink supply channel; and 
a filter plate placed so as to diagonally traverse the inclined 
portion , 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a diagram illustrating one embodiment of an 
ink- jet printer to which the present invention is applied; 

Fig. 2 is a cross-sectional view illustrating one 
embodiment of an ink supply channel connecting an ink cartridge 
with a recording head used in the printer of Fig. 1; 

Figs. 3(a) and 3(b) illustrate enlarged views of the 
vicinity of a second filter plate placed in an ink supply 
channel in the printer; 

Figs. 4(a) to 4(c) illustrate enlarged cross-sectional 
views of one embodiment of filter plates and an enlarged view 
of an unwoven fabric; 

Fig. 5 is an exploded perspective view illustrating one 
embodiment of a recording head; 

Fig. 6 is a cross-sectional view illustrating an 
embodiment of ink supply channels which are applied to the 
recording head of Fig. 5; 

Figs. 7(a) and 7(b) are a cross-sectional view 
illustrating in an enlarged view the vicinity of the filter 
plate in the ink supply channel shown in Fig. 6, and a top plan 
view illustrating the structure of a filter chamber on the 
holder side, respectively; 

Figs. 8(a) to 8(c) are a cross-sectional view 
illustrating one embodiment of ink supply channels suitable for 
supplying ink from a single ink supply needle to a number of 
common ink chambers, and a top plan view and a cross-sectional 
view illustrating the structure of a lower filter chamber; 
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15 



. ory.^ are a cross-sectional view 
Figs. 9(a) and 9(b) are ^ 

* ^->,c. ink supply channels and 

a top plan view illustrating the structure 

the filter chamber side; 

. -n ustrating another embodiment of 
Fig. 10 is a diagram illustrating 

..itional relationship between an 
the channel structure in a posxtional 

^>,Violes communicating with a 
ink supply needle and throughholes 

recording head to form ink channels ; ^ ^ • ^. of 

. n ustrating another embodiment of 
Fig. 11 is a diagram illustrating 

relationship between an 

the channel structure in a positional 

«v,holes communicating with a 
ink supply needle and throughholes 

recording head to form ink channels; 

^ I9fb^ are a perspective view and a 
Figs. 12(a) and 12(b) ar t- ^ 

.actively illustrating the structure m 
cross-sectional view respectively n 

I, iHor- and a recording head, 
the vicinity of a cartridge holder 

• . in a recording apparatus using light 
removed from a carriage, m a j. 

and deep color ink; 

H 1-^fb^ are a cross-sectional view 
Figs. 13(a) and 13(b) ar 

f i-he head frame and a top plan 
illustrating the structure of the he 

view Of the same except for ink supply needles; 

Figs. 14(a) and 14(b) are a top plan view and a cross 
.1 taken as an example, illustrating 
sectional view of a channel, taken 

one e^oai^ent o. a channel which connect, an in. .upply 

. • ^r^r-t of a recording head; 
to an ink introducing port ox ci ^.„^i^ 

H ,..t>l are diagrams respectively 
5 Figs. 15(a) and 15(b) ar 

v,-;-h an ink cartridge is being 
illustrating a state in which an 
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mounted ; and 

Fig. 16 is a cross-sectional view of a channel, taken 
as an example, illustrating another embodiment of a channel 
which connects an ink supply needle to an ink introducing port 
of a recording head 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will hereinafter be described in 
connection with several embodiments thereof which are 
illustrated in detail in the accompanying drawings . 

Fig, 1 illustrates an ink- jet printer which is provided 
with an ink-jet head unit according to the present invention, 
wherein reference numeral 1 designates a carriage which is 
supported by a guide member 2, connected to a step motor 4 
through a timing belt 3, and mounted for reciprocal movement in 
parallel with a platen 5. 

The cartridge 1 is equipped with an ink- jet recording 
head 6, later described, removably mounted on its lower surface 
and a printing unit 7 also removably mounted on its upper 
surface. The recording head 6 is supplied with a driving 
signal through a flexible cable 8. Further, in the drawing, 
reference numeral 9 designates a recording sheet and 10 
designates a capping means for sealing the recording head when 
printing is not performed. 

Fig. 2 illustrates one embodiment of the printing unit 
mentioned above which comprises a holder 11 mounted on the 
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cartridge 1 and an ink cartridge 2 accommodated in the holder 
11. The ink- jet recording head 6 is positioned on a surface of 
the holder 11 opposite to the recording sheet 9, i.e., on the 
lower surface in the embodiment. 

The recording head 6 is connected through a flexible 
cable 13 to a terminal plate 12 which provides removable 
electrical connection with terminals, not shown, on the 
cartridge connected to the flexible cable 8 of the printer 
body . 

An ink cartridge 20 has its inner space partitioned by 
a wall 21 into two regions, i.e., an ink chamber 22 for storing 
ink as it is and a foam chamber 24 filled with a porous foam 
material 23, such that these two chambers communicate with each 
other by way of a throughhole 25 bored through a lower portion 
15 of the wall 21. 

On the bottom of the foam chamber 24, a protrusion 26 
is formed for urging the bottom of the foam material 23, and a 
throughhole 27 is formed through the protrusion 26 for defining 
an ink supply channel. The protrusion 26 is further provided 
20 with a first filter plate 31 on the top thereof and with an ink 
supply port 28 for receiving an ink supply needle 16 on the 
bottom thereof, later described. 

The holder 11 is provided with the ink supply needle 16 
implanted on its bottom. The ink supply needle 16 has the tip 
25 formed in a needle shape to allow an insertion into a packing 
30 through a seal 29 which seals the ink supply port 28 of the 
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ink cartridge 20. Also, a lower end surface of the ink supply 
needle 16 is formed with a throughhole 15 connected to an ink 
channel 14 communicating with the recording head 6 . 

In this embodiment, a filter chamber 33 having a second 
filter plate 32 as illustrated in Figs. 3(a) and 3(b) is formed 
between the lower end of the ink supply needle 16 and the 
throughhole 14 communicating with the recording head 6 in the 
middle of the ink supply channel as mentioned above. 

The first filter plate 31 is formed of sintered unwoven 
fabrics 40, 41 made of stainless steel wires all having a 
diameter of approximately 5 fim, i.e,, finer steel wires having 
a diameter 1/10 smaller than that of steel wires used for 
twilled filters. The first filter plate 31 is added to a mount 
26a on the protrusion 26 so as to cover the throughhole 27 
communicating with the ink supply port 13* 

Among these unwoven fabrics 40, 41, the first unwoven 
fabric 40 located on the recording head 6 side is formed as an 
unwoven fabric which has a small thickness and a sufficiently 
high void ratio so as to provide a filter which has a small 
mesh size and a lowest possible channel resistance, in other 
words, a filter which exhibits a small dynamical pressure loss, 
i.e., a low channel resistance, when ink is supplied to the 
recording head, and a highest possible meniscus magnitude. The 
second unwoven fabric 41 laminated on the inside of the unwoven 
fabric 4 0 is formed as an unwoven fabric which, although a 
particularly high meniscus magnitude is not required , has a 



sufficient thickness to reinforce the first unwoven fabric 40 
and a lowest possible channel resistance • 

The second filter plate 32 placed to cover the 
throughhole 14 communicating with the recording head 6 is 
5 implemented by a sintered unwoven fabric made of stainless 
steel wires having a diameter of approximately 5 ^m, as 
illustrated in Fig. 4(b), similarly to the first unwoven fabric 

40 located on the ink cartridge 20 side. 

The second filter plate 32 is formed as an unwoven 
10 fabric which has a small thickness and a sufficiently high void 
ratio so as to provide a filter which has a small mesh size and 
a lowest possible channel resistance, in other words, a filter 
which exhibits a small dynamical pressure loss, i.e,, a low 
channel resistance, when ink is supplied to the recording head, 
15 and a highest possible meniscus magnitude. 

Since the second filter plate 32 has one side protected 
by a head frame 11a of the recording head 6 and the other side 
protected by the ink supply needle 16, the second filter plate 
32 does not require a reinforcement such as the unwoven fabric 

41 for the first filter 31. However, the provision of a 
reinforcing unwoven fabric to the second filter plate 32, as 
the first filter plate 31, will enhance its shape retention, 
thus facilitating the mounting of the second filter plate 32. 

As described above, the first filter plate 31 itself 
has a sufficient mechanical strength and hence the shape 
retention, so that it can be readily mounted. Moreover, since 



20 



25 
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the first filter plate 31 has a high meniscus magnitude in 
comparison with its low channel resistance, it filters out 
solid particles and so on and does not allow bubbles to pass 
therethrough until ink held in the foam material 23 is almost 
5 used up during printing, so that ink can be smoothly supplied 
to the recording head 6 • 

While the foam material 23 is compressed by the 
protrusion 26 to enhance a capillary force near the protrusion 
26, the foam material 23 may be pressed by providing -the first 

10 filter plate 31 with a more sufficient mechanical strength. 

The second filter plate 32, with its characteristic, 
i.e., a low channel resistance, allows ink supplied from the 
ink cartridge 20 to smoothly flow into the throughhole 14 on 
the nozzle side, while further filtering out solid particles 

15 remaining in the ink to eliminate clogging of the recording 
head 6 , 

In the embodiment, when ink is consumed by the 
recording head 6 for printing, ink absorbed in the foam 
material 23 in the cartridge 20 is drawn out by the recording 

20 head 6, flows into the ink supply needle 16 through the first 
filter plate 31 and the throughhole 27, and then flows into the 
filter chamber 33 by way of the ink supply channel 15. 

Since the filter chamber 33 has a cross-sectional area 
substantially equal to the area of the ink supply port 15, ink 

25 flows into the recording head 6 through the throughhole 14 
without decreasing the flow rate. 
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Since the second filter plate 32 is arranged to 
diagonally traverse the filter chamber 33, the filter plate 32 
is ensured to have a sufficiently large opening area, so that 
it reduces a fluid resistance due to the filter plate 32 to a 
lowest possible value and accordingly suppresses a head loss, 
Also, since the filter plate 32 itself forms a high meniscus 
magnitude in comparison with a low channel resistance, it 
filters out solid particles and so on during printing, and does 
not permit bubbles to pass therethrough until ink held in the 
foam material 23 is almost used up, so that the ink is smoothly 
y supplied to the recording head 6 . 

;/! In addition, since ink flows substantially uniformly 

^ through the whole surface of the second filter plate 32, no 

p stagnation will occur on the filter plate 32, and ink flows 

P 15 into the recording head 6 after dust particles and bubble 

^ included in the ink have been removed by the filter plate 32. 

In some instances, an ink- jet recording head may be 
formed with a plurality of columns of nozzle openings, for 
improving the dot forming density, wherein each nozzle opening 
20 column is independently provided with a common ink chamber, and 
these nozzle opening columns are shifted by one-half of the 
pitch of the nozzle openings each other to form a staggered 
arrangement . 

^'ig. 5 illustrates one embodiment of an ink- jet 
25 recording head as mentioned above, wherein reference numeral 50 
designates a pressure generating chamber forming board which is 
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provided with two columns of pressure generating chambers 51, 
52 and has one surface sealed by a vibration plate 53. The 
vibration plate 53 is provided on its surface with individually 
separated lower electrodes 54, 55 corresponding to the pressure 
generating chambers 51, 52. Piezo-electric vibrators 56, 57 
are formed on the surfaces of the electrodes 54, 55, and an 
upper electrode 58 is formed overlying the plurality of piezo- 
electric vibrators 56, 57. 

Reference numeral 59 designates a fixed board, which has 
a function of fixing an actuator unit composed of the pressure 
generating chamber forming board 50 and the vibration plate 53 
and a function as an ink supply port forming plate for 
receiving ink supplied from the outside. The fixed board 56 is 
also provided with communication holes 60, 61, 62, 63 
communicating with the pressure generating chambers 51, 52 at 
both ends thereof, and with ink introducing ports 67, 68 for 
independently supplying ink to two common ink chambers 65, 66, 
later described. 

Reference numeral 69 designates a common ink chamber 
forming plate which defines the common ink chambers 65, 66 for 
supplying ink from the ink introducing ports 67, 68 to each of 
the pressure generating chambers 51, 5 2 through the 
communication holes 60, 62. The ink chamber forming plate 69 
has one surface sealed by the fixed board 59 and the other 
surface sealed by a nozzle plate 70. The nozzle plate 70 is 
provided with two columns of' nozzle openings 71, 72 which 
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20 



^- ^ r.T-^ssure generating chambers 
communicate with the respective pressure g 

V. 7^ 7 4 of the common 

51 52 through communication holes i^, 

chl^.r fo^in, Plate 69 and the co»„uni.atio„ hcXes 61, 63 of 
the fixed board 59. 

j-^«r,-f- nf a recording heaa 
Fig. 6 illustrates one embodiment of a r 

>,-.h includes recording heads 80 as 
for color printing which mciuaes 

=^ -F-rame 81. From an mK 
described above mounted on a common head frame 

^1,,-ralitv of chambers for 
cartridge partitioned into a plurality 

. , ^ ^H^ir- assigned colors, ink supply 
independently storing ink of their assign 

fi2 to be inserted into 
channels 83 of ink supply needles 82 

. -rpcording heads 80. 

recording heads 80 extend toward the record g 

. head fra„e 8X connected to the in. supply channel. 
Of the supply needlea 82 for supplying in. to the recording 

i- Of two throughholes 84, 85 such 
heads 80 is provided with a set of two tnr y 

n«=.H +-0 two ink introducing 
that ink can be independently supplied to two 

ports 67, 68 of each recording head 80. 

. filter chamber formed by a gradually expanding 
portion is located in a region communicating the ink supply 

- o /t Q R and a second 
channel 83 with the two throughholes 84, 85, 

filter plate 86 is placed in the filter chamber. 

Figs. 7,a, and 7(h) illustrate enlarged views of the 
Vicinity in which the filter plate 86 is placed. A lower end 

^1 R-^ is substantially 
portion of the ink supply channel 83 

hemispherically expanded to for. an upper half of the filter 
chamber 87. On the recording head side, a hemispherical recess 
having substantially the same shape as the outer periphery of 
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the filter chamber 87 is partitioned into two filter chambers 
89, 90 by a partition 88 having a ridge line 88a passing 
through the central point thereof. The two filter chambers 89^ 
90 are connected at their lower ends with throughholes 84, 85 
5 extending to the recording head 80, respectively. 

The throughholes 84, 85 are positioned such that they 
approach, in the horizontal direction, outside walls 89a, 90a 
at the upper ends of the filter chambers 89, 90. Stagnation is 
prevented from occurring on the outside walls of the filter 

10 chambers 89, 90. 

The aforementioned second filter plate 86 is securely 
sandwiched by the ink supply needle 82 and the head frame 81 at 
the boundary between the upper filter chamber 87 and the lower 
filter chambers 89, 90, such that the filter plate 86 is in 

15 contact with the ridge line 8 8a. 

According to the embodiment, since the upper filter 
chamber 87 is substantially hemispherically formed to provide 
a large volume of spacing near the filter plate 86, the 
recording head 80 can be supplied with ink without disturbing 

20 the ink flow even if bubbles or the like attach to the inner 
wall of the upper filter chamber 87. 

In addition, since the throughholes 84, 85 are arranged 
close to the outside walls 89, 9 0 at the upper ends of the 
filter chambers 89, 90 in the horizontal direction, stagnation 

25 likely to occur in a curved portion is prevented. Also, in the 
center portion, the conically formed partition 88 forces ink to 
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*. +.v,Q -Tf^cording head 80 can 
flow along planar walls 88b, so that the rocorax g 

be smoothly supplied with In., o. course, without stagnation. 

Figs. 8(a, to 8(c, Illustrate channels suitable for 

1 v^ ^«ri 1 to f our common 
supplying ink from a single ink supply needle to 

ink Chambers. ^ ink supply needle 92 is provided at its lower 
end with a filter chamber 94 smoothly expanding from an xnk 

V ^ Also on the head frame 
supply channel 93 in a cocoon shape. Ais 

^ n,i a cocoon shape having a 
side, a filter chamber 96 is formed xn a coco 

««H filter plate 97 .is placed 
narrowed central portion. A second fxlter p 

on the boundary between these filter chambers 94, 96. 

The lower filter chamber 96 communicates with upper 
ends of throughholes 100 - 103 for supplying in. which are 

^ „f ink introducing ports 

formed in alignment with the posrtxons of xnK xn 

>, QR Within the throughholes 100 - 
67, 68 of a recording head 98. wx-cnxn 

..V- n inn 103 located outside are 
103, the two throughholes 100, -LUJ 

• J =nc are aliqned with the 
positioned such that their outsxde walls are al g ^ ^ 

wall surfaces of the filter chambers 94, 96. 

oanh other through a 
throughholes 100 - 103 communicate wxth each 

„r,i-ike the embodiments 
narrow groove 9 6a. In addition, unlxke 

illustrated in rigs. 6, 7, all of the throughholes 100 - 103 
co^nunicate in the filter chamber 96 with a fixed spacing 

^■F +-he filter 97 and the 
ensured between the lower surface of the 

respective throughholes 100 - 103. 

according to the embodiment, even If unbalanced suction 
pressure occurs between four common ink chambers when rnk xs 
supplied from the single ink' supply needle 92 to the four 
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common ink chambers, a uniform pressure prevails in the whole 
filter chamber 96 since all the channels 100 - 103 communicate 
in the lower filter chamber 96 without intervention of the 
filter plate 97. Thus, ink can pass through the whole surface 
5 of the filter plate 97, and a pressure loss due to the filter 
plate 97 is reduced as much as possible. Furthermore, even if 
bubbles or the like attach to the filter plate 97, it is 
possible to avoid inconveniences such as disabled supply of ink 
to part of the common ink chambers . 
2 10 In addition, since the filter chambers 94, 96 are 

y formed in a cocoon shape so as to cover all the throughholes 

100-103 and provided with large volumes as compared with the 
opening areas of the throughholes 100 - 103, even if bubbles 
O introduced into the filter chamber 94 formed in the ink 

p 15 supply needle 92 and the bubbles inflate therein, the filter 
chamber 94 can absorb the inflating bubbles with the large 
volume to maximally prevent the bubbles from attaching to the 
filter plate 97, 

Further, since a portion immediately below the ink 
20 supply needle 92 is narrowed, the throughhole 100, 103 on both 
sides can also be supplied with ink in a well balanced manner. 
Furthermore, since the throughholes 100, 103 on both sides are 
formed such that the outside walls thereof are aligned with the 
end wall surfaces of the upper filter chamber 94, stagnated ink 
25 can be eliminated in end portions. 

Further, since the lower surface of the filter plate 97 
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is not in contact with a partition for branching the respective 
channels 100 - 103, attachment of bubbles to the lower surface 
of the filter plate 97 can be prevented maximally. 

Figs. 9(a) and 9(b) illustrate another embodiment of a 
5 structure for independently supplying ink from a single ink 
supply needle to two common ink chambers. An ink channel 111 
of an ink supply needle 110 is formed at its lower end with a 
funnel-shaped filter chamber 112 gradually expanding toward the 
recording head side. A head frame 113 is provided with 

10 throughholes 114, 115 which communicate with respective common 
ink chambers of a recording head. The upper ends of the 
throughholes 114, 115 are partitioned by a partition 116 and 
connected to filter chambers 117, 118 gradually expanding 
toward the ink supply needle side, and a second filter plate 

15 119 is placed to be in contact with the partition 116. 

In this embodiment, ink flowing from an ink cartridge 
into the ink supply needle 110 is once accumulated in the 
funnel-shaped filter chamber 112, passes through the filter 
plate 119 facing the filter chamber 112 to the lower filter 

20 chambers 117, 118, and flows into the recording head through 
the throughholes 114, 115. 

The filter chamber 112 is formed in a funnel shape to 
have a gradually larger cross-sectional area, and the lower 
filter chambers 117, 118 receiving ink from the filter chamber 

25 112 are separately defined, so that ink flows through these 
chambers without stagnation. ' In addition, since the filter 
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plate 119 having a large cross-sectional area is placed on the 
boundary of these filter chambers, a head loss is reduced • 

While in the foregoing embodiment, an inflow port and 
an outflow port are positioned on the same line, the 
throughholes 114, 115 communicating with the recording head may 
be offset from the central axis of the ink supply needle 110 by 
a fixed amount Ad in the horizontal direction, as illustrated 
in Fig, 10, to have ink flow down diagonally relative to the 
filter plate 119, In this way, the ink passes through a larger 
area of the filter plate 119 so that a head loss due to the 
filter plate 119 can be reduced. 

Also, in the foregoing embodiment, the lower filter 
chambers are formed. Alternatively, as illustrated in Fig. 11, 
three or more throughholes 120, 121, 122, 123 may be equally 
15 offset from the central axis by a fixed amount Ad so as to be 
positioned along the outer periphery of an ink supply needle, 
such that the respective throughholes 120, 121, 122, 123 are 
connected to individual ink introducing ports of a recording 
head, or they are joined to be connected to a single ink 
20 introducing port of a recording head. It will be apparent that 
the latter structure also provides similar actions . 

For accomplishing a further improvement in the quality 
of color prints produced by an ink- jet printer, the recording 
head 6 may be implemented by such one that is capable of 
25 independently ejecting ink of five colors including light cyan, 
deep cyan, light magenta, deep magenta, and yellow. It should 
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be noted that since yellow is essentially a light color and the 
provision of two different types of yellow color, i.e., light 
and deep would not result in remarkable effects, only deep 
yellow is generally used. 

Correspondingly, a head frame 122 on which a recording 
head 130 of the type mentioned above is fixed is provided with 
a cartridge holder 123 which carries an ink cartridge 7 (Figs. 
15(a) and 15(b)) having storage chambers CI, C2, Ml, M2, Y for 
storing ink of the five difference colors, respectively. 

On an upper end side of the cartridge holder 123, a lid 
125 is arranged for pivotal movement about shafts 124. When an 
ink cartridge 7 is dropped into a cartridge chamber 126 and the 
lid 125 is pivoted downwardly with the ink cartridge 7 
accommodated in the cartridge chamber 126, ink supply needles 
131, 132, 133, 134, 135 can be inserted into the ink cartridge 
7. Conversely, by lifting up the lid 125, the cartridge 7 can 
be removed from the cartridge chamber 126. 

Figs. 13(a) and 13(b) illustrate one embodiment of ink 
supply channels formed in the above-mentioned head frame 122, 
wherein reference numerals 131, 132, 133, 134, 135 designate 
xnk supply needles having the same configuration which are 
fixed on the head frame 122 in a liquid tight structure. The 
ink supply needles are aligned on a straight line LI with a 
fixed interval L therebetween so as to face ink supply ports 
151, 152, 153, 154, 155 (Fig. 15) of the ink cartridge 7, 
respectively. Also, the ink supply needles are mounted on the 



head frame 122 at alternate heights so that the positions of 
adjacent tips 131a^ 132a, 133a, 134a, 135a are offset by a 
height difference AH. 

The recording head 130 has ink introducing ports 161, 
5 162, 163, 164, 165 aligned on the same straight line L2 which 
are capable of independently receiving ink of corresponding 
colors supplied thereto. The recording head 130 is fixed on 
the head frame 122 such that the straight line L2 is offset by 
a slight distance AL from the straight line LI on which the ink 

10 supply needles 131, 132, 133, 134, 135 are aligned. 

The head frame 122 is provided with throughholes 171, 
172, 173, 174, 175 from positions opposite to the ink 
introducing ports 161, 152, 163, 164, 165 of the recording head 
130 so as to ensure a length AL or more extending horizontally 

15 in parallel with the ink supply needles 131, 132, 133, 134, 
135. For example, taking the ink introducing port 143 as an 
example, the channel from the ink supply needle 133 to the 
throughhole 173 extends substantially in the horizontal 
direction, however, directs slightly downwardly toward the ink 

20 introducing port 16 3, and is connected to the ink introducing 
port 163 through a horizontal filter chamber 183 having a width 
substantially equal to the diameter of the ink supply needle 
133, as illustrated in Figs. 14(a) and 14(b). 

In respective filter chambers 181, 182, 183, 184, 185, 

25 second filter plates 191, 192, 193, 194, 195 are securely 
sandwiched between the head frame 122 and the ink supply 



- 19 - 



needles 131, 132, 133, 134, 135, respectively, to extend in the 
horizontal direction. 

In the embodiment, when an ink cartridge 7 is inserted 
into a cartridge chamber 126 and a lid 125 is pivoted 
5 downwardly, the ink cartridge 7 is lowered so that the ink 
supply ports 151, 153, 155 come into contact with the ink 
supply needles 131, 133, 135, the tips of which protrude by fcH 
from the ink supply needles 132, 134 (Fig. 15(a)), 

When the lid 125 is further pivoted downwardly from the 

10 state mentioned above to push the ink cartridge 7 into the 
cartridge chamber 126, the ink supply needles 131, 133, 135 
only are inserted into the ink supply ports 151, 153, 155 of 
the ink cartridge 7, Then, the ink supply needles 132, 134 
positioned lower than the ink supply needles 131, 133, 135 come 

15 into contact with the ink supply ports 152, 154, respectively 
(Fig. 15(b)). 

In the stated illustrated in Fig. 15(b), since the ink 
supply needles 131, 132, 135 have already been inserted in the 
ink supply ports 151, 153, 155, respectively, so that a 

20 relatively small force is only required to insert all the ink 
supply needles 131 - 135 into the ink supply ports 151 - 155. 

With the ink cartridge 7 mounted on the recording head 
130, when the recording head 130 is sealed by a cap 10 and a 
negative pressure is applied to nozzle openings of the 

25 recording head 130, ink stored in the respective storage 
chambers CI, C2, Ml, M2, Y of 'the ink cartridge 7 flows from 
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the ink supply needles 131 - 135 into the recording head 130 
through the filter chambers 181 - 185. 

The channels connecting the ink cartridge 7 to the 
recording head 130 are partially constituted of the horizontal 
filter chambers 181 - 185 which extend substantially in the 
horizontal direction and have a width substantially equal to 
the diameter of the ink supply needles 131 - 135, and the 
filter plates 191 - 195 are placed in the respective filter 
chambers 181 - 185 so as to diagonally traverse the ink 
channels, so that the cross-sectional area of the filter plates 
191 - 195 can be made large as compared with the cross- 
sectional area of the channels, whereby a stagnated ink flow 
can be eliminated in the channels and the channel resistance 
can be reduced, thereby making it possible to promptly remove 
bubbles and smoothly supply ink to the recording head 130. 

In the present invention as described above, the 
channel resistance can be made as uniform as possible even if 
variations are present in the lengths of the channels 
connecting the ink supply needles 131 - 135 to the ink 
introducing ports 161 - 165 of the recording head 130, thereby 
making it possible to increase the freedom in designing the 
recording head and the ink cartridge, i.e., providing a reduced 
size of the recording head, a larger ink cartridge, and so on. 

Fig. 16 illustrates another embodiment of the present 
invention in a channel, taken as an example, wherein a filter 
chamber 183 communicating an ink supply needle 133 with a 



throughhole 173 formed in the head frame 173 has an upper wall 
183a above a filter plate 193 inclined upwardly toward the ink 
supply needle 133 and is partitioned into upper and lower 
spaces by the filter plate 19 3 such that the volume of the 

5 upper space above the filter plate 193 is larger than the 
volume of the lower space under the same. 

According to this embodiment, even if a bubble B having 
introduced into the ink supply needle 133, for example, during 
exchanging a cartridge, is expanded due to a temperature rise 

0 or the like, the bubble B can be held above the filter plate 
193 and moved upwardly along the inclined wall 183a of the 
filter chamber 183, thereby preventing the bubble B from 
attaching to the filter plate 83. 

It will be apparent that while the foregoing 

5 embodiments are structured such that the ink cartridge is 
removed by moving it in the vertical direction, similar actions 
can also be made when the present invention is applied to a 
structure in which the ink cartridge is removed by moving it in 
the horizontal direction- 

0 It will be also apparent that while the foregoing 

embodiments have been described in connection with a recording 
head using a single cartridge for storing ink of five colors, 
by way of example, similar actions can also be made when the 
present invention is applied to a recording head using a 

5 cartridge for storing ink of six colors or separate cartridges 
for independently storing ink of three light colors and ink of 
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three deep colors, respectively. 

It will be further apparent that while the foregoing 
embodiments have been described in connection with a recording 
head fixed on a cartridge, by way of example, similar actions 
5 can also be made when the present invention is applied to an 
add-on type which has a cartridge holder removably mounted on 
a carriage and a recording head arranged in the cartridge 
holder. 

In the present invention as described -above, a 
10 horizontally inclined filter chamber is formed in part of an 
ink supply channel having one end connected to an ink supply 
source and the other end connected to an ink-jet recording head 
and provided with a filter plate in the middle thereof, and the 
filter pla.te is placed to obliquely traverse the filter 
15 chamber, so that ink can flow substantially uniformly over the 
whole cross-sectional area of the ink channel. It is therefore 
possible to prevent bubbles from stagnating in the channel, 
increase an effective area of the filter plate to reduce the 
channel resistance, and accordingly decrease a head loss. 
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WHAT IS CLAIMED IS ; 

1 1 . An ink- jet recording apparatus comprising: 

2 an ink- jet recording head for ejecting the ink; 

3 an ink supply channel connecting an ink cartridge for 

4 storing ink and said ink- jet recording head, said ink supply 

5 channel having a portion inclined in relation to the horizontal 

6 direction formed in said ink supply channel ; and 

7 a filter plate placed so as to diagonally traverse said 

8 inclined portion • 

1 2. An ink- jet recording apparatus comprising: 

2 an ink- jet recording head for ejecting the ink; 

3 an ink supply channel connected to an ink cartridge for 

4 storing ink; 

5 an upper filter chamber connected to said ink supply 

6 channel and gradually expanding toward said ink- jet recording 

7 head side; 

8 a plurality of lower filter chambers each gradually 

9 expanding toward said ink cartridge side and formed under said 

10 upper filter chamber; 

11 a plurality of throughholes connecting to said lower 

12 filter chamber and said ink- jet recording head; and 

13 a filter plate placed between said upper filter chamber 

14 and said lower chambers, 

1 3. The ink- jet recording apparatus according to claim 



- 24 - 



2 



3 



2, wherein said lower filter chambers are offset relative to 
said upper filter chamber in the horizontal direction. 



1 4. The ink- jet recording apparatus according to claim 

2 2, wherein said ink- jet recording head includes common ink 

3 chambers and ink introducing ports formed in said each common 

4 ink chambers, and said throughholes are connected to said each 

5 ink supply ports, 

1 5. The ink- jet recording apparatus according to claim 

p 2 2 further comprising a partition separating said lower filter 

31 3 chambers, said partition having a triangular pyramidal cross- 

^2 ^ section and a tip of said partition being contacted with the 

L ^ filter plate. 

^ ^ 6, The ink- jet recording apparatus according to claim 

yj 2 2, wherein said plurality of lower filter chambers communicate 

3 with each other below said filter plate. 

1 7 . The ink- jet recording apparatus according to claim 

2 2f wherein said throughholes communicating with said plurality 

3 of lower filter chambers are positioned as close as possible to 

4 vertical lines extending from wall surfaces of said upper 

5 filter chamber. 

1 8. The ink- jet recording apparatus according to claim 
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1/ wherein said filter plate is formed of a sintered unwoven 
fabric made of metal fibers having a high void ratio and a 
small mesh size. 



1 9. An ink- jet recording apparatus comprising: 

2 an ink-jet recording head for ejecting the ink of a 

3 plurality of colors; and 

^ a plurality of ink supply needles engaging with ink 

5 supply ports of an ink cartridge for storing ink of a. plurality 

6 of colors to supply ink to said recording head^ ad jacent ones 

7 of said ink supply needles being arranged to have a height 

8 difference therebetween^. 



1 10. The ink- jet recording apparatus according to claim 

2 9 f wherein said ink supply needles has five needles and said 

3 ink has five colors including light cyan, deep cyan, light 
magenta, deep magenta and yellow, and the tips of the central 

5 ink supply needle and of the ink supply needles on both sides 

6 protrude a fixed length relative to the tips of the remaining 

7 ink supply needles . 



4 



1 11. The ink- jet recording apparatus according to claim 

2 10, wherein said ink- jet recording head has ink introducing 

3 ports, said ink supply needles and said ink introducing ports 

3 are aligned on first and second straight lines, respectively, 

4 the first and second straight lines are spaced by a distance 
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xi I'nk suDOly needles in the 

larger than the diameter of said mk suppxy 

\r^V suDPlv needles and said ink 
horizontal direction, said ink suppiy 

introducing ports are respectively connected by channels each 
extending substantially in the horizontal direction and having 

, » *v,= rtiameter of said ink supply 
a width substantially equal to the diameter 

needle, and filters are horizontally placed in said channels. 

12. The ink- jet recording apparatus according to claim 
10, wherein said channel is partitioned by said filter plate 
such that the upper portion thereof has a larger volume than 

the lower portion thereof. 

13. The ink- jet recording apparatus according to claim 

.=.,ivfflrf= of said channel is 
10, wherein an internal upper surface or 

inclined upwardly toward said ink supply needle side. 

14. The ink- jet recording apparatus according to claim 
1, further comprising another filter plate which is placed 
between said ink cartridge and said ink supply channel. 

15. The ink- jet recording apparatus according to claim 

^•^^ \sc,^(\ -includes common ink 
3, wherein said ink- Jet recording head include 

chambers and ink introducing ports formed in said each common 
ink Chambers, and said throughholes are connected to said each 

ink supply ports . 



ABSTRACT OF THE DISCLOSURE 
A filter chamber having a portion inclined in relation 
to the horizontal direction is formed between an ink supply 
channel having one end coiniuunicating with an ink cartridge and 
a throughhole coininunicating with an ink- jet recording head, and 
a filter plate is placed in the filter chamber so as to 
diagonally traverse it, so that ink is allowed to pass through 
the whole surface of the filter plate. 
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